Measurements of the anisotropy of magnetic susceptibility (AMS) in basalts cored from 1070 to 1209 m sub-bottom depth in Hole 462A reveal that samples with a high ratio of maximum (Kl) to minimum (K3) principal susceptibility show a prolate type of anisotropy in which Kl axes are nearly vertical. For other prolate types, Kl axes vary widely. Although the oblate type of AMS is less common among these basalts, K3 axes are nearly vertical in the upper units and horizontal in the lower units. The anisotropy of compressional wave velocities measured for the same specimen shows no correlation with the degree and type of AMS. This finding indicates that AMS could have been caused by variations in flows but not by compressive stress. Processes of emplacement of basaltic sills and flows must have been complex, because directions of principal axes of AMS vary from unit to unit.
INTRODUCTION
Basalts cored from Hole 462A occur in sills and flows produced during Early to middle Cretaceous midplate volcanism and erupted onto oceanic basement about 150 Ma (Larson, Schlanger, et al., 1981) . Questions remain about the processes of eruption or emplacement of such a basin-fill, sill-flow complex during midplate volcanism .
The anisotropy of magnetic susceptibility (AMS) of igneous and metamorphic rocks could be caused by the preferred orientation of nonequant grain shape (shape anisotropy), linear or planar alignment of grains (textural anisotropy), and crystallographic directions of intrinsically anisotropic magnetic minerals (magnetocrystalline anisotropy) (e.g., Uyeda et al., 1963; Birch, 1979) . The former two mechanisms would be attributed to the cause of AMS in basalts (Khan, 1962; Ellwood and Watkins, 1976 ) and the last mechanism might be probable in metamorphosed plutonic rocks (Birch, 1979) .
If the grain shape deviates from spherical, the shape anisotropy would dominate in basaltic sills and flows. Laminar flows generally produce preferred orientations of spheroidal grains with longer axes normal to both flow velocity and its maximum gradients for prolate particles and with short axes normal to streamlines for oblate particles (e.g., Happel and Brenner, 1965) . In addition, emplacement modes of basalts in the oceanic crust can be distinguished by using AMS measurements (Ellwood, 1975) .
It is possible that the observed anisotropy in other physical properties such as elastic wave velocities could be related to AMS caused by anisotropic alignment of spheroidal grains and pores. For this reason, we report AMS and the anisotropy of compressional wave velocities for basalts from Hole 462A, Leg 89.
METHODS
All the samples studied were minicores 1.5 to 2.2 cm long and 2.5 cm in diameter. Compressional wave velocities and wet-bulk density were measured on board ship. The same specimens were then used for magnetic analysis including NRM and AF demagnetization. Magnetic susceptibility measurements for three mutually perpendicular directions were made aboard ship after AF demagnetization by using a Bison Model 3101 susceptibility bridge (Site 462 report, this volume). However, this measurement gave only apparent AMS. In order to obtain principal components of a magnetic susceptibility ellipsoid, a 6-spin measurement was performed by using a Shonstedt SSM-1A spinner magnetometer (Noltimier, 1971) . Because five independent components of magnetic susceptibility tensor were obtained, an absolute value for one of the three diagonal components was measured by using a Bison susceptibility bridge. After correcting for the effects of induced demagnetization, three principal components of intrinsic magnetic susceptibility and their orientations to the vertical axis were calculated. The accuracy and reproducibility were within a few percentage points. The description of this measurement has been given in more detail by Hamano and Yomogida (1982) .
RESULTS
Results are presented in Table 1 , in which <K> is the mean susceptibility defined by <K>~1 = (Kl~1 + K2-1 + K3-J )/3, and Kl, K2, and K3 are the maximum, intermediate, and minimum susceptibilities, respectively. Values of <K> are in 1400-2700 × 10~6 cgs-emu range. The small variation in <K> is probably the result of the narrow grain size variation and relatively homogeneous chemical composition of the samples. The ratio K1/K3 is commonly used as a measure of the degree of anisotropy, and varies from 1.025 ± 0.002 to 1.285 ± 0.002. Among all the samples studied (25), this ratio is greater than 1.1 in only four samples.
In order to describe the types of anisotropy observed, a parameter, A, defined by tan 2 A = (K2 -K3)/(K1 -K2), is introduced (Hamano and Yomogida, 1982) . When the susceptibility ellipsoid is prolate, the value of A falls (Table 1) . From the measurements of the compressional wave velocities for vertical (subscript v) and horizontal (subscripts hi and h2) directions, including one (hi) along the minicore axis, the apparent anisotropy defined by A(V) = 3(V hl + V h2 -2V v )/2(V hl + V h2 + V v ) × 100, varies from -4.3 to 5.5% (Site 462 report, this volume). In order to demonstrate the variation of velocities in three directions, the ratio of maximum to minimum compressional wave velocities V max /V mm is listed in Table 1 . A(V) and V max /V min show little correlation with either the degree or type of AMS.
DISCUSSIONS AND CONCLUSIONS
In Figure 1 the ratio K1/K3 and the anisotropic type parameter A of AMS and the apparent anisotropy A(V) and the ratio V max /V min of the compressional wave velocities are plotted against sub-bottom depth. The samples with higher K1/K3 values than 1.1 seem to lie near the upper and lower boundaries of each volcanic unit. This would be consistent with the idea that these volcanic units are sills, if the higher degree of AMS would reflect the higher shear stress or higher concentration of streamlines during the emplacement of each volcanic unit. However, prolate and oblate types of AMS seem to indicate no relation to location in the volcanic units.
A(V) apparently decreases with depth, and the velocity in the vertical direction becomes higher than that in the horizontal direction [i.e., the value of A(V) is less than zero] below volcanic unit 48. As compressional wave velocities were measured under one atmosphere and in a seawater-saturated condition, the error in A(V) was probably at most a few percentage points. The decrease of A(V) with depth could be caused by the gradual change in the orientation distribution of microcracks and pores (with little effect upon AMS), though microscopic observations showed no apparent directional differences.
In order to distinguish the emplacement mode of basalts, a parameter F, defined by F 2 = K1 2 /(K2 K3), has been used and a value of F = 1.04 separates intrusives from extrusives with 80% confidence (Ellwood, 1975) . About 56% of the samples studied show extrusives (F < 1.04), in which extrusives and intrusives distribute randomly in each volcanic unit ( Table 1 ), so that this criterion seems inapplicable to the basalts in this study. It may be that this criterion seems inapplicable because it has been applied to relatively younger (and less altered) basalts (Ellwood, 1978) . Further magnetic analyses are needed to clarify the effects of alteration and oxidation processes on recrystallization and reorientation of magnetic grains.
The ellipsoid shape of magnetic susceptibility in basalts represents the preferred alignment of grains because of the recrystallization and deformation in a stress field, or the rotation of grains in partially crystallized flows (e.g., Khan, 1962; Ellwood, 1978; Birch, 1979) . In discussing the preferred orientation of the ellipsoid shape of AMS, it should be noted that larger values of K1/K3 result in less uncertainty in the directions of principal components. Samples with a higher degree of AMS (i.e., higher values of K1/K3 than 1.08) show only the prolate type in volcanic units 46, 48, and 52 ( Fig. 2A) , and their Kl axes are nearly vertical within 15° (Table 1) . It is noteworthy that samples with an oblate (foliation) type of AMS in volcanic units 45 and 46 show small values of | θ |, whereas values of | θ | are nearly 90° for units below 48. If laminar flows of basalts during their emplacement would produce the preferred orientation of spheroidal particles (Khan, 1962; Happel and Brenner, 1965) , these observations might suggest horizontal flow in unit 46 and a vertical flow in unit 52, and complex flows in other units. If applied stress would deform grains and pores, the alignment of magnetic grains should correlate with them and reflect the anisotropy of elastic properties. For example, uniaxial compression should produce an oblate (foliation) type of anisotropy, as suggested by Hamano and Yomogida (1982) and Fujii et al. (1983) . There seems to be little correlation between the ratio K1/K3 and the anisotropic type parameter A ( Fig. 2A) , or the ratio V max / V m in (Fig. 2B) . In addition, samples with an oblate type of AMS were observed less than samples with a prolate type of AMS, which suggests that the deformation of grains resulting from applied stress does not significantly contribute to the origin of AMS in basalts studied.
Although the number of samples we studied is small, we can make some observations: (1) These observations seem to be consistent with the idea that basalts in the lowest part of Hole 462A are related to a sill-flow complex. However, it is difficult to interpret the nature of emplacement from the observed distribution of AMS. It appears that eruption or emplacement processes of the basin-fill basalts was of mixed mode, resulting in nonsystematic complex distributions of AMS as well as the anisotropy of compressional wave velocities.
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